Abstract. The effects of neoadjuvant chemotherapy on the minimum alveolar concentration (MAC) values of sevoflurane and desflurane in patients with hepatocellular carcinoma (HCC) complicated with jaundice were investigated. Eighty patients with HCC complicated with jaundice were selected. Forty patients underwent the neoadjuvant chemotherapy and were grouped into the desflurane group (Group D) and the sevoflurane group (Group S). Patients in all chemotherapy groups received 2 cycles of chemotherapy prior to surgery and underwent surgical treatment 3 weeks after chemotherapy. The remaining 40 patients in the control group were divided into the desflurane group (Group C1) and the sevoflurane group (Group C2). Changes in MAP, HR and BIS at different time points before and after anesthesia induction and skin incision were compared among the groups. Results showed that there were no significant differences in MAP, HR and BIS before anesthesia induction (T0) (P>0.05); at each time point from T1 to T6, MAP, HR and BIS of Group D were significantly lower than those of Group C1 (P>0.05). Furthermore, MAP, HR and BIS of Group S were significantly lower than those of Group C2 (P>0.05). The MAC Mean of sevoflurane and desflurane were compared among all patient groups using the mean method. MAC Mean values of Group D were significantly lower than those of Group C1 (P<0.05). Notably, MAC Dixon values of sevoflurane and desflurane were compared among all patient groups using the Dixon method and the differences were statistically significant (P<0.05). Logistic regression analyses were conducted, respectively, which revealed that the MAC of sevoflurane and desflurane were associated with whether patients received the neoadjuvant chemotherapy. MAC Log of sevoflurane and desflurane were decreased in patients receiving the neoadjuvant chemotherapy. The results suggested that neoadjuvant chemotherapy can reduce MAC values of sevoflurane and desflurane in HCC patients complicated with jaundice and may improve these patients' sensitivity to sevoflurane and desflurane.
Introduction
Hepatic lesions of hepatocellular carcinoma (HCC) in the late stage can cause extensive hepatic failure and the compression of bile duct tumor, and jaundice occurs in about 10 to 40% of the patients. This change is often referred to as jaundice or cholestatic hepatocytes. Neoadjuvant chemotherapy not only narrows the scope of tumor surgeries, but also can significantly improve the survival rate of patients (1) (2) (3) . Unlike other cancer patients, the central nervous system and peripheral nervous system of patients are damaged after neoadjuvant chemotherapy (4) (5) (6) . At present, neoadjuvant chemotherapy has been clinically promoted, and one of the key issues of postoperative survival rate of patients is the depth of anesthesia, so exploring the impact of chemotherapy on patients is an important factor for safe anesthesia in patients. The target effect-site concentration EC 50 of patients receiving neoadjuvant chemotherapy before operation is reduced compared with that of patients receiving no chemotherapy (7, 8) . Sevoflurane and desflurane are relatively new types of inhaled anesthetics that have been widely used clinically (9, 10) .
Desflurane has been widely used for the maintenance of general anesthesia for ambulatory surgery in adults and a type of inhalational agent with the least blood gas solubility coefficient and fastest recovery. However, desflurane has not been widely used in the pediatric population because of its two disadvantages: Its pungent smell and irritant nature, which makes it unsuitable for its use for induction of general anesthesia; and it association with inducing airway complications, such as a laryngospasm, breath holding, and cough (11) . Because of the low blood-gas and blood-tissue solubility, sevoflurane has increasingly become more popular, and may provide rapid recovery after general anesthesia (12) . Notably, sevoflurane is well known to cause emergence agitation (EA).
Effects of neoadjuvant chemotherapy on minimum alveolar concentration values of sevoflurane and desflurane in patients with hepatocellular carcinoma complicated with jaundice
A recent Cochrane review revealed that compared to sevoflurane, desflurane has a relative risk of EA of 1.46 with 95% confidence interval of 0.92-2.31 (13) . Due to changes in neuropathology caused by chemotherapy drugs, whether the neoadjuvant chemotherapy for patients will affect the minimum alveolar concentration (MAC) values of sevoflurane and desflurane during anesthesia needs to be further studied. Therefore, in this study, the effects of neoadjuvant chemotherapy drugs on sevoflurane and desflurane were investigated by the further study on the MAC values of sevoflurane and desflurane used to anesthetize HCC patients complicated with jaundice after neoadjuvant chemotherapy, to develop a much safer and more effective surgical program for HCC patients complicated with jaundice after neoadjuvant chemotherapy and provide a theoretical basis.
Materials and methods
General data. 80 HCC patients complicated with jaundice were selected, in which 40 patients received neoadjuvant chemotherapy. The present study was approved by the ethics committee of Xiangyang No. 1 People's Hospital, Hubei University of Medicine and informed consents were signed by the patients and/or guardians. The chemotherapy regimen was oxaliplatin combined with tegafur: 150 mg/m 2 oxaliplatin was intravenously instilled for 3 h on the 1st day; patients orally took tegafur after a meal for consecutive 14 days, and the initial dose was adjusted according to the body surface area of patients (the dose was adjusted to 40 mg/m 2 for patients with less than 1.25 m 2 body surface area; the dose was adjusted to 50 mg/m 2 for patients with 1.25~1.5 m 2 body surface area; the dose was adjusted to 60 mg/m 2 for patients with more than 1.5 m 2 body surface area). 21 days formed 1 cycle. The sevoflurane and desflurane treatment time for each patient was once. The concentration was from 0 to 2 times the concentration of the basis of MAC. The concentration was adjusted continuously by a special device.
Inclusion criteria: Patients whose American Society of Anesthesiologists (ASA) Score reached Grade I-II; HCC patients complicated with jaundice; patients with basically normal results in preoperative routine examinations; patients whose body mass index (BMI) was 22-23; patients aged 30-62 years old.
Exclusion criteria: Patients with a history of severe cardiovascular system or respiratory system disease, or renal dysfunction; patients with hepatic encephalopathy; patients with a history of mental or neurological disease; patients with a long history of taking psychiatric drugs or alcohol dependence; patients whose heart rate (HR) were less than 50 bpm before skin incision; patients whose mean arterial blood pressure (MAP) was less than 50mmHg; patients receiving drug intervention; patients whose intubation was not successfully conducted for the first time.
Grouping of subjects: A total of 40 patients receiving chemotherapy were randomly divided into the desflurane group (Group D, n=20) and the sevoflurane group (Group S, n=20). Patients in all the chemotherapy groups were treated with chemotherapy for 2 cycles (14 days for 1 chemotherapy cycle), and received surgical treatment 3 weeks after chemotherapy. A total of 40 patients receiving no neoadjuvant chemotherapy were selected as the control group, and were randomly divided into the desflurane group (Group C1, n=20) and the sevoflurane group (Group C2, n=20).
Study methods
Anesthesia methods. All patients did not undergo preoperative medication. Patients were infused with sodium chloride by injection via the peripheral venous route at a rate of 10 ml kg -1 h -1
. Electrocardiography, pulse, oxygen saturation and bispectral index (BIS) were monitored, and radial artery catheterization was performed under local anesthesia as an invasive method to measure arterial blood pressure. Anesthesia was induced by target-controlled infusion of propofol (Approval no.: National Medicine Permission no. H20123318; manufacturing enterprise: Xi'an Libang Pharmaceutical Co., Ltd.; target plasma concentration: 2 µg/ml) and remifentanil [Approval no.: National Medicine Permission no. H20123422; manufacturing enterprise: China National Pharmaceutical Industrial Corporation Ltd., (Langfang Branch); target plasma concentration: 4 ng/ml], and changes in consciousness of patients were carefully observed. Endotracheal intubation was carried out for mechanical ventilation. After that, patients began to inhale sevoflurane (Approval no.: National Medicine Permission no. H20070172; manufacturing enterprise: Shanghai Hengrui Pharmaceutical Co., Ltd.) and desflurane to maintain anesthesia, respectively, and the infusion of propofol and remifentanil was stopped. The volatilization pot was adjusted according to the end tidal concentrations of sevoflurane and desflurane so that the end tidal concentrations of them reached the target values and lasted for 15 min or longer. HR, MAP and BIS before anesthesia induction (T0), at 2 min before skin incision (T1), at 1 min before skin incision (T2), immediately before skin incision (T3), immediately after skin incision (T4), at 1 min after skin incision (T5) and at 2 min after skin incision were recorded, after which 0.15 mg kg -1 cisatracurium (Approval no.: National Medicine Permission no. H20090202; manufacturing enterprise: Zhejiang Xianju Pharmaceutical Co., Ltd.) was used according to the operation condition.
Test methods.
The mean values of HR, MAP and BIS measured at from T0 to T6 were calculated, and changes in HR, MAP and BIS at each time point were compared, which was recorded by Multifunctional monitor. If the amplitude of changes in the mean values of HR, MAP and BIS was greater than or equal to 15%, it was considered to be positive; if the amplitude was less than 15%, it was considered to be negative. According to the principle of sequential allocation method, the test would be terminated when more than or equal to 6 waveforms alternating from a positive direction to a negative direction appeared.
The mean values of the end tidal concentrations of sevoflurane and desflurane were selected at each pair of crossings, which were the concentrations when half of the patients had no response to plantar acupuncture. According to the principle of sequential allocation method, MAC values of sevoflurane and desflurane and 95% confidence interval (CI) were calculated.
If the MAP value was less than 50 mmHg before the skin incision, 6 mg ephedrine (Approval no.: National Medicine Permission no. H42021159; manufacturing enterprise: Hubei Kelun Pharmaceutical Co., Ltd.) was intravenously injected, and if the HR was less than 50 beats/min, 0.5 mg atropine (Approval no.: National Medicine Approval no. H42021159; manufacturing enterprise: Hubei Kelun Pharmaceutical Co., Ltd.) was intravenously injected.
Statistical treatments. Statistical analysis of the data was carried out using SPSS v22.0 software (IBM Corp., Armonk, NY, USA). Measurement data were expressed as mean ± standard deviation (x±s), and the one-way analysis of variance was used to reveal the age, height, weight, preoperative fasting time and preoperative infused fluid volume, and to detect the intergroup differences in HR and MAP values at each time point among various groups. The repeated measures analysis of variance was used to analyze the intragroup differences in HR and MAP values in each group. The pairwise comparisons were detected using Student-Newman-Keuls-q (SNK-q) test. The logistic regression analysis, Dixon method and mean method were used to determine MAC values of sevoflurane and desflurane, respectively. The changes in MAC values of sevoflurane and desflurane were detected via linear regression analysis and correlation analysis so as to determine the sex distribution ratio. P<0.05 was considered to indicate a statistically significant difference.
Results

Comparisons of general data of four groups of patients.
80 patients completed the test, and intraoperative and postoperative accidents did not occur in the follow-ups. The general conditions of four groups of patients were generally similar (P>0.05), and there were no significant differences in all indicators during the operation (Table I) .
Changes in MAP values of four groups of patients at different time points before anesthesia induction and before and after skin incision. There was no significant difference in the comparison of MAP value at T0 among four groups of patients (P>0.05). At each time point from T1 to T6, the MAP values of Group D were significantly lower than those of Group C1, and the differences were statistically different (P<0.05). The MAP values of Group S were significantly lower than those of Group C2, and the differences were statistically different (P<0.05). The differences in MAP values among the four groups were statistically significant (P<0.05; Table II) .
Changes in HR values of four groups of patients at different
time points before anesthesia induction and before and after skin incision. There was no significant difference in the comparison of HR value at T0 among four groups of patients (P>0.05). The HR values of Group D were significantly lower than those of Group C1, and the differences were statistically significant (P<0.05). The MAP values of Group S were significantly lower than those of Group C2, and the differences were statistically different (P<0.05). The differences in MAP values among the four groups were statistically significant (P<0.05; Table III) .
Changes in BIS values of four groups of patients at different
time points before anesthesia induction and before and after skin incision. There was no significant difference in the comparison of BIS value at T0 among four groups of patients (P>0.05). The BIS values of Group D were significantly lower than those of Group C1, and the differences were statistically significant (P<0.05). The BIS values of Group S were significantly lower than those of Group C2, and the differences were statistically different (P<0.05). The differences in MAP values among the four groups were statistically significant (P<0.05; differences in MAC Log values among four groups of patients were significant (P<0.05), and the comparisons between Group D and Group C1 and between Group S and Group C2 showed P<0.05 (Table VII) .
Sex -------------------------------------
Variation trend of sevoflurane and desflurane concentrations to stimulus responses of skin incision.
According to the principle of sequential allocation method, the variation trend graphs of different end tidal concentrations of sevoflurane and desflurane to stimulus responses in four groups of patients were obtained (Figs. 1-4) .
Discussion
HCC complicated with jaundice rarely occurs, and lesions often occur in the late tumor phase with a relatively lower surgical resection rate and a relatively higher incidence rate of complications. Neoadjuvant chemotherapy is a systemic chemotherapy method prior to operation or radiotherapy based on the local treatment of malignant tumors (14, 15) . At present, the study results of many researchers have gradually confirmed the effect of neoadjuvant chemotherapy in the treatment of malignant tumors, which is significant in patients with malignant tumors, so in practical clinical applications, neoadjuvant chemotherapy has been gradually applied in patients with malignant tumors prior to operation or radiotherapy. However, there is a need for further studies on the relationship between chemotherapy drugs and anesthetics, so in this study, a reasonable treatment regimen was selected before operation or radiotherapy. Besides, HCC patients complicated with jaundice with same treatment courses inhaled sevoflurane and desflurane for anesthesia together with patients receiving no neoadjuvant chemotherapy. MAC values were detected so as to explore whether neoadjuvant chemotherapy could improve the sensitivity of HCC patients complicated with jaundice to sevoflurane and desflurane. There were no significant differences in the age, sex, height, BMI and other conditions among the three groups of patients. The surgical treatment regimen was to perform preoperative chemotherapy for patients in the neoadjuvant chemotherapy group. The specific action dose of oxaliplatin was 150 mg/qd and that of tegafur was 60 mg/bid. After the chemotherapy, the computed tomography (CT) was used to assess the tumor changes, and patients were further examined. Operation patients underwent the surgical treatment at the end of 3-week 2 cycles of chemotherapy, thus ensuring the homogeneity within the chemotherapy group.
The test results also revealed that compared with those of patients in Group C, MAC values of patients in Group S and Group D were reduced, confirming that neoadjuvant chemotherapy could reduce MAC values of HCC patients complicated with jaundice. Chemotherapy leads to the emergence of many adverse reactions in patients, and as the basic principle of selecting neoadjuvant chemotherapy drugs and regimens is the high efficiency and low toxicity, the regimen selected for the neoadjuvant chemotherapy group was oxaliplatin combined with tegafur (16, 17) . Most of inhaled anesthetics are discharged from the body through the lung, and a small part of them can be discharged from the human body through the skin and urine, but they are not discharged through the liver, so despite of the impact of chemotherapy drugs, the liver function of patients receiving neoadjuvant chemotherapy may be damaged to a certain degree. However, in the body's metabolic process, significant changes will not occur in sevoflurane and desflurane, so that the potency of sevoflurane and desflurane will not be affected. The reason for the decrease in MAC values of halothane and desflurane is likely to the changes in the efficacy of inhaled anesthetics. As the inhalation of anesthetics calms patients down and hypnotize them, it hinders the normal brain function of patients (18) (19) (20) . Therefore, changes in the brain functional status of patients after neoadjuvant chemotherapy result in decreased MAC values of sevoflurane and desflurane titers (21) (22) (23) . The MAC value of sevoflurane of patients receiving no chemotherapy detected in the test was 3.08%, which was consistent with that in other studies (24, 25) .
In summary, preoperative neoadjuvant chemotherapy can reduce MAC values of sevoflurane and desflurane of HCC patients complicated with jaundice. Therefore, from the perspective of improving the safety of anesthesia for patients, the dose of anesthetics needs to be appropriately reduced for patients receiving neoadjuvant chemotherapy. Neoadjuvant chemotherapy can increase the sensitivity of patients to sevoflurane and desflurane, but the specific mechanism of action still needs to be further studied. 
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